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A Study of Vertical and H,orizontal
Visibility Relationships Under Water
JEAN J. McCARTHY*
ABSTRACT - A threefold study was undertaken to:
1) determine the nature of the mathematical relationship between vertical and horizontal visibility
underwater
2) examine the feasibility of using the Secchi disc method to measure horizontal visibility in the
photic zone;
3) obtain descriptive data on vertical and horizontal visibility in selected lakes of southern Minnesota.
The Secchi disc technique for measuring· visibility was modified to accommodate horizontal readings,
and data were col lected from 12 lakes at 5, 15 and 25 feet depths under controlled conditions. Reliabil i, ty correlations were significant (p ( .01) and ranged from .764 to .994. Correlations and regression equations were computed among visibility measures . A strong positive relationship was noted
between vertical visibility and horizontal visibility at the 5-foot depth; weak positive correlations
occurred between vertical visibili,ty and the other measures of horizontal visibility; the Secchi disc
method of measuring water transparency proved reliable for taking horizontal visibility readings;
and data obtained from the 12 sample lakes were compatible with parameters established by studies
on similar lakes. A system for providing comparative visibility data is proposed.
1

Underwater illumination and visibility at depth are of particular interest to such diverse groups as biologists, fish and
wildlife agency workers , fishermen, swimmers, and divers.
Sophisticated photosen si tive instruments have be en developed
and provide data in situ on both vertical and horizontal water
tran sparency (Ruttner and Sauberer, 1938; Whitney , 1937,
1938). A simple technique employing the Secchi disc as desc ribed by Welch ( 1935) also is available to measure vertical
visibility. An uncomplicated procedure for assessing horizontal visibility in water and relating such values to vertical
readings could prove to be valuable to the interested groups.
After reviewing the literature, Hutchinson ( 1957) concluded
that " .. . when a relatively homogeneous group of lake s is
compared, there is a high correlation between the Secchi disc
transparency and (light) transmission. " With this concept as
a premise, a study evolved to examine the mathematical
relationship between vertical and horizontal visibility and
the feasibility of Secchi disc measurement of horizon ta]
visibility in the photic zone; and also to obtain descriptive
data on vertical and horizontal visibility in the selected lakes.
From the statistical summary of a lake study done in
Minnesota (Borchert, 1970) all lakes of at least IO acres
and having depths of 30 feet or more in the southern Minnesota counties of Blue Earth, Waseca , and Lesueur were identified. Similarity of surface area and depth contributed
to lake homogeniety; and the 30-foot depth requirement
averted the possibility of diver-disturbed bottom slit effecting readings at 25 feet. These criteria produced 12 lakes,
and they were paired by geographic proximity to facilitate
taking readings at two lakes per day. Daily measurement
time was kept at no more than two hours, and the total
experimental period was held to two weeks in order to obtain
values under conditions as similar as possible in all the lakes .
Readings were taken between 12 noon and 2 p.m. CDT on
cloudless or widely scattered clouds days from June 23
through July 8, 1977, in 30 feet of water or more. The

*JEAN J. McCARTHY, an associate professor of Physical
Education at Mankato State University, holds degrees from the
University of Minnesot:i and Washington State University and
is currently in a Ph.D. program at the University of Minnesota.

Journal of; Volume Forty-Five, No. 1, 1979

Figure 1 - Secchi Disc

experimental lakes were situated between 93° 30' and 93°
55' north latitude and 44° 10' and 44° 25' longitude . Note
was made in each lake of the bottom depth where the measurements were taken, the depth of the thermocline, if any ,
and subjective evaluations were recorded for wind and surface
chop, sky and cloud cover, and algae density (Table I.).
A pilot study was conducted under test conditions to
check for unforeseen procedural difficulties, to evaluate the
equipment , and to obtain reliability data for the visibility
measures .
Vertical visibility was measured from a boat with the
standard Secchi disc method, using a 20 cm. disc with alternating black and white quadrants on one side and attached
to a calibrated line . The disc was lowered from the shade
side of the boat and with its upper side contrasting quadrants
was parallel to the water surface. An average of its disappearance depth and reappearance was noted, with readings
to the nearest half foot. Topographical maps, an ele ctronic
depth finder, and a marked anchor line were used to locate
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Table 1 - Lake and Visibility Data
Lai<e

County

Measure-

Secchi Disc Values (ft)

5'

15'

25'

ment
Depth (ft)

9
8
5.5
4.5
4
5
3
3.5
3
3
2
1
4.29
2.33

7
6
4.5
4
5
4
4
4
3

5
5.5
5
5
3.5
3.5
8
2
1.5
4
0
3.5
3.88
2.09

30
30
35
40
30
50
35
30
40
30
35
40
35.42
6.20

I

Vertical
Fish
Lesueur
German
Lesueur
Volney
LeSueur
Ballantyne Blue Earth
Ray's
LeSueur
Frances
LeSueur
Reed's
Waseca
Jefferson
LeSueur
Washington LeSueur
Tetonka
Lesueur
Madison
Blue Earth
Emily
Lesueur
X
s

10

8.5
6
6
5.5
5
4.5
4.5
4
3.5
3.5
2
5.25
2.21

9

3
6
4.96
1.76

the riecessary 30 feet of depth in each lake (Figure !).
Horizontal visibility measurements were taken at 5, 15, and
25 feet of depth. Depth precision was insured by equipping
each of two diver-researchers with a marked line attached to
a float and weighted to keep the line taut and vertical. An
additional nylon rope was attached to the Secchj disc opposite
from the calibrated line. The diver-researchers positioned
themselves at each test depth and pulled the lines on either
side of the disc taut so that the disc was held in a vertical
plane parallel to the divers' masks and perpendicular to the
surface. Readings were taken in the same manner as those
taken vertically and recorded to the nearest half foot. A
light-weight Secchi disc was used to minimize line sag between the divers (Figure 2).
All data were collected by the researcher and an assistant
wearing scuba gear to reach the test depths and using the
Secchi disc from both the boat and under water. Four cards
were constructed, one for each of the test readings at vertical,
5 feet, 15 feet, and 25 feet. The cards were shuffled prior to
measuring at each lake to randomize the order of the readings and reduce possible researcher bias.
The reliability data were gathered from a single lake under
test conditions.
Repeated readings were taken for each
visibility measure at ten different locations in the pilot lake.
Pearson product-moment correlations were computed to determine the reliability for each visibility measure, for the
horizontal measures combined, and for all the visibility
measures combined (Table 2). All correlations were significant at the .01 level of confidence and of sufficient strength,
. 764 to .994, to justify assumptions of consistency under the
stated experimental conditions.
Correlations and regression equations were computed among
the sample visibility measures to establish the nature, strength,
and prediction properties of the interrelationships.
The correlation data on the visibility relationships are
presented in Table 3. The only correlation that was strong
and significant occurred between the vertical and five-foot
readings. The regression equation for prediction of five-foot
values given the vertical values was Y = -1.12 + l .03X and the
standard error of the estimate was Syx = .49. All other
simple correlations were not significantly different from zero,
and their regression equations would produce spurious results.
A multiple correlation coefficient was computed to describe the relationship between the vertical visibility readings and the horizontal visibility readings taken collectively.
This coefficient proved to be a very strong and significant
R = .98 (p
.01) after correction for a sample of less than

<

le

Thermocline
Depth (ft)

16
None
None
None

18
None

23
None
None
None

None
22

Wind&
Surface
Chop
Light
Light
Heavy
Moderate
Light
Moderate
Light
Light
Heavy
Light
Light
Moderate

Sky &
Clouds

Clear
Scattered
Clear
Scattered
Scattered
Scattered
Scattered
Haze
Clear
Scattered
Scattered
Clear

Algae

Light
Light
Light
Light
Heavy
Light
Heavy
Heavy
Light
Heavy
Heavy
Heavy

I 00. The multiple regression equation was Yv = 1.51 + .93X5
- .09 x J 5 + .04 X25. Very little of the variance in the vertical
readings was explained by the 15 and 25-foot readings; there
was a close dependence between the vertical and the fivefoot readings.
Examination of Table 1 supports Ruttner and Sauberer
(193 8) and Whitney ( I 93 7, 193 8) who found an inverse
relationship between transparency and particulate organic
matter in Austrian and Wisconsin lakes. The data show that
of the six lakes with the best vertical visibility, five had light
algae concentrations. The lakes with the six poorest vertical
visibility values included five with heavy ratings for algae.
Whitney also found in Wisconsin lake studies and Baker and
Brook (1971) in their later work with optical density and
phytoplankton microstratification confirmed that horizontal
transparency and turbidimetric variations were essentially
independent of depth and related to biomass concentrations.
Since each study lake was 10 acres or larger, their probable
meromictic character could account for the absence of any
stable algal stratification (Brook, Baker, Klemer, 1971).
This, too, was supported by the weak horizontal visibility
intercorrelations in Table 3 and the relatively large standard
deviations in Table I. All vertical values fell within the
range of 1 to 3 .4 meters suggested by Hutchinson (I 957) and
Frey (I 963) as typical for lakes in North America.
Thermocline depth was discernible in only four of the
sample lakes. Since all the lakes studied were of IO acres or
larger, and since, according to Frey (1963), there is little
therman stratification in large lakes due to wind-circulated
water and seiche, this was not surprising.
The wind velocity and resulting surface chop seemed to have
little bearing on the visibility readings, as lakes with the

Figure 2 - Secchi Disc Measurement (horizontal)
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Table 2 - Reliability Correlations of Visibility Measures

Visibility Measures
Vertical

5'
15'
25'
All Horizontal Measures
Horizontal and Vertical

r

N

Significance

.764
.846
.802
.950
.981
.994

10
10
10
10
30
40

.01
.01
.01

Table 3 - lntercorrelations of Visibility Measures (N=12)

Vertical
Vertical

.0'1

5'
15'
15'

.01
.01

•p

better values and lakes with the poorer values both had varied
wind conditions. This concurs with Ruttner ( 1938), and
Cole (1975), who indicated that only about 2.5 to 5 percent
of the solar radiation is reflected back into the atmosphere
from the surface during the summer months. The bottom
depths over which measure men ts were taken had little
apparent influence on the visibility readings, although there
was such little variance in the bottom depths that this judgment is tenuous and perhaps premature . Since sky conditions were deliberately controlled by selection, this source
of variation in the sample lakes' water opacity was eliminated.
Several concepts that seem worthy of further exploration
emerged from this study . One of these , certainly, is an
expansion of the horizontal visibility readings to probe
greater depths. A second area worthy of consideration is a
replication of this study during the fall, winter, and spring
seasons, when algae density is less. Still another study
could examine the visibility differences, if any, in salt water.
And perhaps a visibility index system could be developed
to provide comparative information for divers, swimmers,
biologists , fishermen, and others on each body of water. Such
a system evolving from standardized measurement conditions
might consist of the simple summation of a vertical visibility
reading with several horizontal readings to provide an index
number. For example, from Table I, Fish Lake would have
a visibility index of 3 I , which provides both absolute and
relative information. This could be validated further with
photosensitive instrumentation.
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